Background
==========

Tuberculosis is a chronic infectious disease resulting from the infection with mycobacterium tuberculosis. The secondary infection of bones and joints accounts for 10--35% of extrapulmonary tuberculosis, and spinal tuberculosis accounts for 50%, making it the most representative extrapulmonary tuberculosis \[[@b1-medscimonit-25-4901]\]. However, spinal tuberculosis has become the leading cause of spinal spasm and deformity due to the overlong conservative treatment and surgical difficulty in spinal tuberculosis \[[@b2-medscimonit-25-4901]\]. Epidemiological surveys have indicated that about 1/3 of people around the world are infected with tubercle bacilli, but only a few of them are attacked \[[@b3-medscimonit-25-4901]\]. It may be related to the living environment and living habits of patients as well as the genetic susceptibility of the disease. Studies on the genetic susceptibility of patients to the disease help identify high-risk groups at the early stage and are conducive to early diagnosis and intervention, reducing the incidence rate of the disease. Studies have found that when mycobacterium tuberculosis infects the host and controls the inflammation progress, inflammation-related cytokines play important roles. As a cytokine in the acute phase of inflammation, interleukin-10 (IL-10) is involved in the down-regulation of inflammatory responses by interlacing with other relevant inflammatory factors, thereby affecting the development of spinal tuberculosis \[[@b4-medscimonit-25-4901]\]. Currently, the association between spinal tuberculosis patients and IL-10 gene polymorphisms is not studied. Therefore, in this study, patients with spinal tuberculosis in our department were enrolled, and rs1800871 polymorphism in IL-10 gene was detected using TaqMan-minor groove binder (MGB) probe method, so as to explore the correlation between IL-10 gene polymorphism and spinal tuberculosis, providing theoretical support for genetic polymorphism of spinal tuberculosis.

Material and Methods
====================

Objects of study
----------------

Spinal tuberculosis patients receiving treatment in our hospital from June 2016 to June 2018 were selected. Inclusion criteria: Patients 1) with typical symptoms of mycobacterium tuberculosis infection, such as magersucht, weakness and fever, 2) with positive result in tuberculin skin test, and diagnosed with spinal tuberculosis based on medicine imaging and pathological examinations, and 3) with complete clinical data and willing to cooperate in this study. Exclusion criteria: Patients 1) with dysfunction of important organs like heart, kidney or liver, 2) with immune diseases, or 3) with malignant tumors. According to the above criteria, 129 patients with spinal tuberculosis were enrolled in this study, including 66 males and 63 females with a mean age of (36.32±10.50) years old. Meanwhile, 106 healthy people in physical examination center in the corresponding period were selected as controls, including 50 males and 56 females with an average age of (40.80±6.54) years old. The study was approved by the hospital ethics committee (11/6/2016). All objects of study were unrelated Chinese Han population and signed the informed consent.

Study methods
-------------

### Collection of general clinical data

The following data of subjects were collected: name, age, gender, C-reactive protein, erythrocyte sedimentation rate (ESR) and baseline hematologic function (white blood cell count, absolute neutrophil count, relative neutrophil count, absolute lymphocyte count, relative lymphocyte count, absolute monocyte count and relative monocyte count).

### Extraction of deoxyribonucleic acid (DNA)

Elbow venous blood (1 mL) was collected from patients, and DNA was extracted with a medium-dose whole blood genomic DNA extraction kit (Beijing Bioteke Corporation, lot number: 0020170714) according to the instructions of the kit. Then, an ultra-micro ultraviolet spectrophotometer (Nanodrop-2000) was employed to measure the purity and concentration of DNA. The purity and concentration of all DNA samples met experimental requirements. Next, genotyping assays were performed on samples using a TaqMan^®^ single nucleotide polymorphism (SNP) Genotyping Assays kit (Thermo, lot number: 1712101) (Specific gene locus probe information is shown in [Table 1](#t1-medscimonit-25-4901){ref-type="table"}).

Statistical methods
-------------------

Statistical Product and Service Solutions (SPSS) 20.0 software was used for statistical analyses. Measurement data were expressed as (χ̄±*s*), and independent-sample *t*-test was employed for comparisons between two groups. Likelihood ratio χ^2^ test was applied to determine whether the distribution of each genotype was consistent with the Hardy-Weinberg equilibrium law. R×C table χ^2^ test was adopted to compare the frequency of every genotype and allele. *p*\<0.05 suggested that the difference was statistically significant.

Results
=======

Comparisons of basic data
-------------------------

There were no statistically significant differences in age and gender between two groups (p\>0.05), and they were comparable ([Table 2](#t2-medscimonit-25-4901){ref-type="table"}).

Comparisons of blood examination indicators
-------------------------------------------

Compared with those in control group, the C-reactive protein, ESR, white blood cell count, absolute neutrophil count and relative neutrophil count in spinal tuberculosis group were increased, while the absolute lymphocyte count and relative lymphocyte count were decreased, showing statistically significant differences (*p*\<0.05) ([Table 3](#t3-medscimonit-25-4901){ref-type="table"}).

Genetic equilibrium test
------------------------

The actual and theoretical frequencies of three genotypes in both spinal tuberculosis group and control group were subjected to likelihood ratio χ^2^ test. The genotype frequencies of rs1800871 in IL-10 gene in spinal tuberculosis group and control group were consistent with the Hardy-Weinberg genetic equilibrium law (*p*\>0.05), which were comparable ([Table 4](#t4-medscimonit-25-4901){ref-type="table"}).

Comparison of distribution frequency of genotypes
-------------------------------------------------

The distribution frequencies of AA, AG and GG genotypes were 23.26%, 48.06% and 28.68% in spinal tuberculosis group, and 37.74%, 43.40% and 18.86% in control group, respectively. The distribution frequency of GG and AG+GG genotypes was different from that of AA genotype, and the difference was statistically significant (*p*\<0.05). There was no significant difference between AG genotype and AA genotype based on comparison (*p*\>0.05) ([Table 5](#t5-medscimonit-25-4901){ref-type="table"}).

Comparison of distribution frequency of alleles
-----------------------------------------------

The distribution frequencies of A and G alleles in spinal tuberculosis group were 47.29% and 52.71%, respectively. In control group, the distribution frequencies of A and G alleles were 59.43% and 40.57%, respectively. Moreover, the distribution frequency of G allele was higher than that of A allele in spinal tuberculosis group (*p*\<0.01) ([Table 6](#t6-medscimonit-25-4901){ref-type="table"}).

Analyses on the correlations of genotypes with biochemical indicators
---------------------------------------------------------------------

The relationships of GG and AG+GG genotypes with biochemical indicators were further analyzed based on the results of comparisons of biochemical indicators and genotypes between spinal tuberculosis group and control group. The C-reactive protein, ESR, white blood cell count and relative neutrophil count of GG genotype were higher than those of AG+GG genotype (*p*\<0.05). However, no differences were found in the absolute neutrophils count, absolute lymphocyte count and relative lymphocyte count between two genotypes (*p*\>0.05) ([Table 7](#t7-medscimonit-25-4901){ref-type="table"}).

Discussion
==========

Spinal tuberculosis is a chronic secondary tissue injury disease mainly caused by the entry of mycobacterium tuberculosis into the spine via the blood circulation after pulmonary tuberculosis or lymphatic tuberculosis, dominated by vertebral tuberculosis. Besides, it frequently occurs in adults and may cause spinal cord injury or even paraplegia in sever cases \[[@b5-medscimonit-25-4901]\]. In this study, the comparisons of blood examination indicators between spinal tuberculosis group and control group revealed that spinal tuberculosis group had increased C-reactive protein, ESR, white blood cell count, absolute neutrophil count and relative neutrophil count, but reduced absolute lymphocyte count and relative lymphocyte count in comparison with control group, implying that patients with spinal tuberculosis have relatively low immunity and are more susceptible to infection, thus leading to increases in inflammation indexes. People susceptible to tuberculosis should pay more attention to improving immunity.

Currently, the correlations of spinal tuberculosis with susceptibility genes are studied, and it is reported that the incidence rate of tuberculosis in identical twins is clearly higher than that in fraternal twins \[[@b6-medscimonit-25-4901]\]. In addition, genetic studies on Chinese patients with spinal tuberculosis conducted by Chinese scholars have revealed that the polymorphism of genes including mannose-binding lectin 2 (MBL2), cluster of differentiation 14 (CD14), tumor necrosis factor-alpha (TNF-α), human leucocyte antigen-DQA1 (HLA-DQA1) and IL-12 are interrelated with the susceptibility to spinal tuberculosis \[[@b7-medscimonit-25-4901]--[@b10-medscimonit-25-4901]\]. This shows that spinal tuberculosis is associated with genetic factors.

IL-10, as an important anti-inflammatory and immunoregulatory cytokine found on mouse helper T2 (Th2) cells by Mosmannand et al. \[[@b11-medscimonit-25-4901]\], is able to inhibit the production of interferon-gamma (IFN-γ) cytokines by suppressing Th1 cells. Moreover, IL-10 gene is located on chromosome 1 q31--32 and contains 5 exons and 4 introns, with a molecular weight of 5.3 kb. IL-10 mainly exerts its biological functions through the janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway. Firstly, IL-10 binds to the R1 receptor and exposes the binding site of R1 to IL-10 R2. Then, it binds to R2 to form a complex receptor. The interaction of R1 and R2 activates intracellular JAK1 and tyrosine kinase 2 (TyK2), triggering the phosphorylation of tyrosine residues Y446 and Y496 on JAK1. Activated Y446 and Y496 bind to the transcription factors STAT1, STAT3 and STAT5 to activate transcription factors, and the activated transcription factors enter into cells to regulate the expressions of genes \[[@b12-medscimonit-25-4901],[@b13-medscimonit-25-4901]\]. In addition to the JAK-STAT pathway, IL-10 gene can inhibit nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) to affect inhibitor of NF-κB (IκB) kinase activity and DNA binding activity \[[@b14-medscimonit-25-4901],[@b15-medscimonit-25-4901]\], thus adjusting gene expression and ultimately regulating the proliferation and differentiation of cells. Recent studies have manifested that IL-10 is closely related to the onset of autoimmune diseases such as systemic lupus erythematosus, type I diabetes, primary immune thrombocytopenia and inflammatory bowel disease \[[@b16-medscimonit-25-4901]--[@b19-medscimonit-25-4901]\]. The research results of Xue Haibin \[[@b20-medscimonit-25-4901]\] showed that dysregulated IL-10 expression influences the allergic reaction of spinal tuberculosis, and IL-10 is involved in the fibrosis of spinal tuberculosis and osteogenesis, controlling the spread of tuberculosis lesions and prolonging the time of bone regeneration. It is thus clear that IL-10 is also associated with the onset of spinal tuberculosis.

In this study, rs1800871 (A/G) polymorphism in IL-10 was selected, and the frequencies of genotypes and alleles in spinal tuberculosis group and control group were analyzed using the TaqMan-MGB probe method. The results showed that GG genotype, AG+GG genotype and G allele were related to the pathogenesis of spinal tuberculosis, suggesting that the recessive mode and cumulative mode are suitable for describing the genetic model of IL-10 rs1800871 in spinal tuberculosis. GG recessive homozygous mutations in IL-10 gene rs1800871 (A/G) result in increased onset risk of spinal tuberculosis, and carrying G allele significantly enhances the risk of spinal tuberculosis.

Conclusions
===========

This study further analyzed the correlations of GG and AG+GG genotypes with biochemical indicators in spinal tuberculosis group, and it was found that the C-reactive protein, ESR, white blood cell count and relative neutrophil count of GG genotype were higher than those of AG+GG genotype, while the absolute neutrophil count, absolute lymphocyte count and relative lymphocyte count of them were similar, indicating that GG recessive homozygous mutations possibly affect the expressions of inflammatory factors through different pathways in spinal tuberculosis, having evident regulatory effects on the expressions of inflammation indexes (C-reactive protein, ESR, white blood cell count and neutrophil) and relatively weak regulatory impact on lymphocyte.
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###### 

TaqMan^®^-MGB probe information at locus rs1800871 of in IL-10 gene.

  SNP reference                               rs1800871
  ------------------------------------------- -----------------------------------------------------------
  Assay ID                                    C\_\_\_1747362_10
  Protein ID                                  NP_000563.1
  Single nucleotide polymorphism (SNP) Type   Intron
  Context sequence                            AGTGAGCAAACTGAGGCACAGAGAT\[A/G\]TTACATCACCTGTACAAGGGTACAC

###### 

Comparisons of basic data between the two groups (χ̄±*s*).

  Group                       n     Age (years old)   Male/Female
  --------------------------- ----- ----------------- -------------
  Spinal tuberculosis group   129   36.32±10.50       66/63
  Control group               106   40.80±6.54        50/56
  *t*/χ^2^                          1.592             0.371
  *p*                               0.213             0.542

###### 

Comparisons of blood examination indicators between the two groups (χ̄±*s*).

  Index                                Spinal tuberculosis group   Control group   t       p
  ------------------------------------ --------------------------- --------------- ------- -------
  C-reactive protein (mg/L)            24.5±1.5                    3.0±1.1         5.21    0.001
  ESR (mm/h)                           54.4±11.3                   3.59±2.1        7.58    0.000
  White blood cell count (×10^9^)      8±2.317                     6±2.324         2.459   0.032
  Absolute neutrophil count (×10^9^)   6±1.609                     4±1.594         1.164   0.049
  Relative neutrophil count (%)        67.11±7.04                  56.86±5.04      2.428   0.031
  Absolute lymphocyte count (×10^9^)   1±4.187                     2±5.649         2.578   0.029
  Relative lymphocyte count (%)        22.57±7.49                  33.29±5.87      2.743   0.018
  Absolute monocyte count (×10^9^)     5±2.365                     5±1.879         0.137   0.876
  Relative monocyte count (%)          8.17±2.36                   7.65±1.79       0.536   0.612

###### 

Genetic equilibrium test of rs1800871genotypes in IL-10 gene.

  Group                       n     AA   AG      GG   χ^2^    *p*                  
  --------------------------- ----- ---- ------- ---- ------- ----- ------- ------ ------
  Spinal tuberculosis group   129   30   28.84   62   64.31   37    35.84   0.17   0.92
  Control group               106   40   37.44   46   51.11   20    17.44   1.06   0.59

###### 

Comparisons of rs1800871genotypes in IL-10 gene \[n (%)\].

  Genotype   Spinal tuberculosis group   Control group   OR (95% CI)            p
  ---------- --------------------------- --------------- ---------------------- -------
  AA         30 (23.26)                  40 (37.74)                             
  AG         62 (48.06)                  46 (43.40)      0.556 (0.303--1.022)   0.058
  GG         37 (28.68)                  20 (18.86)      0.405 (0.197--0.834)   0.013
  AG+GG      99 (76.74)                  66 (62.26)      0.500 (0.284--0.881)   0.016

###### 

Comparison of allele distribution in IL-10 gene rs1800871A/G between the two groups \[n (%)\].

  Group                       n     Allele \[n (%)\]   χ^2^          *p*     
  --------------------------- ----- ------------------ ------------- ------- -------
  Spinal tuberculosis group   129   122 (47.29)        136 (52.71)   6.890   0.009
  Control group               106   126 (59.43)        86 (40.57)            

###### 

Correlation analyses of rs1800871A/G genotypes in IL-10 gene and quantitative data in spinal tuberculosis group.

  Item                                 GG           AG+GG        χ^2^    *p*
  ------------------------------------ ------------ ------------ ------- -------
  C-reactive protein (mg/L)            28.5±1.7     26.4±1.2     2.447   0.011
  ESR (mm/h)                           64.4±10.7    60.6±12.3    1.823   0.042
  White blood cell count (×10^9^)      9±2.816      9±1.517      2.067   0.048
  Absolute neutrophil count (×10^9^)   6±1.816      6±1.709      1.354   0.178
  Relative neutrophil count (%)        69.16±7.89   67.17±6.14   1.878   0.041
  Absolute lymphocyte count (×10^9^)   1±4.276      1±4.383      0.046   0.927
  Relative lymphocyte count (%)        22.32±7.75   22.48±6.97   1.345   0.176
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